Abstract-In this paper, we provide an overview of miniaturized biochemical analysis system components and speci cally discuss the micromachined metallic pipette arrays (MPA) and the micromachined electrical eld-ow fractionation system (¹-EFFF). The MPA are arrays of hollow metallic pipettes extending from a silicon substrate. These arrays are used in macroscale spatial manipulation of samples in the pl to ¹l range. The ¹-EFFF system is composed of a micromachined ow channel with integrated electrodes for application of static electric elds. The system is used for separation and analysis of biological molecules and colloids. The design, fabrication, and characterization of the MPA and the ¹-EFFF are described. In addition, the integration of the components using micromechatronics technologies is discussed.
INTRODUCTION
One rapidly emerging application eld for micromachining technologies is biomedical instrumentation. Micromachining technologies are of great interest to the biomedical instrumentation industry, since the manufacturing technologies offer an avenue to produce miniaturized instrumentation systems with sub-micron precision. Miniaturization of instrumentation is important for a variety of reasons, depending on the application. For example, in the case of surgical instrumentation, micromachining technologies can be used to develop precision surgical tools for endoscopic ¤ To whom correspondence should be addressed. 50 South Campus Center Drive, Room 2480, Department of Bioengineering, University of Utah, Salt Lake City, UT 84112-9202, USA. E-mail: frazier@ee.utah.edu and delicate surgical procedures. The need for precision surgical tools is driven by the need for less invasive surgical procedures as well as by the number of specialized microscopic procedures under study and in practice today. Another example of miniaturized biomedical instrumentation are biological/ chemical analysis systems. Scaling down of the analysis system dimensions from 'macro' to 'micro' scale dimensions has several advantages. The key advantages of miniaturization include faster analysis times, higher resolution, highly parallel analysis systems, smaller sample / reagent volumes, and the opportunity to manufacture disposable analysis systems using batch fabrication technologies.
As is similar to other application areas of micromachining technologies, micromachining enables the realization of biomedical instrumentation previously unattainable using conventional manufacturing techniques. Therefore, micromachining technologies can be used to advance biomedical instrumentation development by enabling the development of novel instrumentation and by enabling miniaturization of existing biomedical instrumentation. Examples of novel biomedical instrumentation manufactured or under development using micromachining technologies include multi-channel neural stimulation and recording systems, whole cell systems, and arti cial sensory systems. Examples of miniaturized instrumentation developed as alternatives to larger 'macro' scale instrumentation include biological/ chemical separation and sensing systems and medical monitoring systems.
The number of biomedical applications for micromachining technologies is rapidly growing. Since micromachining technologies are a relatively new and increasing set of manufacturing technologies, there are many critical applications still to be addressed. To date, many advances have been made in biomedical instrumentation development as a result of using micromachining technologies to fabricate (or partially fabricate) the total instrumentation system. The main types of biomedical instrumentation that use micromachining technologies are neural stimulation / recording systems [1 -13] [44, 45] , microcomponents for drug delivery [46, 47] , and micro ltering [48, 49] .
During the past decade, a large number of biological/ chemical analysis techniques have been demonstrated using microscale systems and have been implemented using the micromachining technology. Currently, these systems include electrophoresis [21] [22] [23] [24] , free-ow electrophoresis [19, 20] , electrical eld-ow fractionation (EFFF) [25] , polymerase chain reaction (PCR) [26] [27] [28] [29] , gas chromatography [14] [15] [16] , and liquid chromatography [17, 18] . For these systems to be practical, the systems must integrate sample handling, data processing, and data acquisition, preferably in a totally automated system. This paper will look at micromachined examples for processing and sample loading.
